Few epidemiologic investigations of visceral adiposity and colorectal neoplasms have attempted the direct quantification of visceral fat. The authors measured visceral fat volume among middle-aged and elderly Japanese men and women who underwent colonoscopy and positron emission tomography/computed tomography for cancer screening in Tokyo, Japan, between February 2004 and February 2005, and examined the association between visceral adiposity and colorectal adenoma in 1,205 eligible subjects. Odds ratios and 95% confidence intervals for colorectal adenoma were estimated by using an unconditional logistic regression model after adjustment for potential confounders. Despite its high correlation with body mass index, visceral fat volume was associated with the prevalence of colorectal adenoma independently of body mass index in both sexes. After further adjustment for body mass index, the odds ratio of colorectal adenoma for the highest compared with the lowest quartile of visceral fat volume was 1.58 (95% confidence interval: 1.11, 2.24) for men and women combined. Conversely, body mass index was unlikely to modify the association between visceral fat volume and colorectal adenoma (P interaction ¼ 0.39). These findings add to accumulating evidence that visceral adiposity exerts an important influence on the pathogenesis of colorectal neoplasms. The mechanisms of this potential association between visceral adiposity and colorectal carcinogenesis warrant further investigation.
Obesity is associated with a large number of chronic diseases, including diabetes mellitus, hypertension, cardiovascular disease, and even some types of cancer (1) . Of importance, a growing body of evidence suggests that the health risks of obesity relate to not only the amount of total body fat but also the distribution of body fat in the visceral region (1, 2) . Visceral adiposity is a major determinant of insulin resistance, which has been suggested to be an early and fundamental disorder in the path to these obesity-related diseases (2) .
In the last decade, a number of epidemiologic studies have reported an increase in the risk of colorectal adenoma (3) (4) (5) (6) and cancer (3, (7) (8) (9) (10) associated with a higher waist/ hip ratio or waist circumference. Although these anthropometric measurements serve as surrogate markers of visceral adiposity, they mainly reflect the distribution of body fat in the abdominal region without distinction between visceral and subcutaneous fat (11) . In fact, although direct quantification of visceral fat requires imaging techniques, such as computed tomography and magnetic resonance imaging (11), we are aware of only 3 epidemiologic investigations of colorectal neoplasms that have used imaging techniques (12) (13) (14) . Moreover, visceral adiposity in these studies was evaluated by the visceral fat area from a single abdominal cross-section only, and no previous study has measured the visceral fat volume of the abdominal cavity, which is the most comprehensive assessment of visceral adiposity.
Colorectal adenoma is recognized as a precursor lesion to the majority of colorectal cancers, and its presence is associated with an increased risk of colorectal cancer (15) . Here, we quantified the visceral fat area and volume among middle-aged and elderly Japanese men and women using multislice computed tomography, and we examined the association between visceral adiposity and the prevalence of colorectal adenoma.
MATERIALS AND METHODS

Study population
The Research Center for Cancer Prevention and Screening was established in 2004 as a branch of the National Cancer Center of Japan with the goal of developing and evaluating preventive methods, screening modalities, and screening programs for various types of cancers. Among its efforts, the Research Center conducted the Colorectal Adenoma Study in Tokyo (16, 17) , a case-control study specifically designed to investigate environmental and genetic factors related to the early stage of colorectal carcinogenesis among healthy volunteer examinees of a colorectal cancer screening. All examinees gave written, informed consent to allow their data and materials collected through the screening to be used for medical research. The study protocol was approved by the institutional review board of the National Cancer Center, Tokyo, Japan. Eligible subjects were defined in advance as men aged 50-79 years and women aged 40-79 years who underwent total colonoscopy from the anus to the cecum and who were without a history of colorectal adenoma, any malignant neoplasm, ulcerative colitis, Crohn's disease, familial adenomatous polyposis, carcinoid tumor, or colectomy. Of a consecutive series of 3,212 examinees undergoing magnifying colonoscopy with indigo carmine dye spraying between February 2004 and February 2005, 2,234 met these conditions. On the basis of the pit pattern of colorectal lesions, namely, the characteristics of mucosal crypts, 526 men and 256 women were determined to have at least 1 adenomatous polyp and were thus included as adenoma cases. Pit-pattern classification based on magnifying chromoendoscopy has been detailed elsewhere (18) . Of the remaining 1,452 examinees, 482 men and 721 women were identified as potential controls who were also free from other benign lesions (e.g., hyperplastic polyps, inflammatory polyps, and diverticula). For efficiency, 256 of the potential female controls were frequency matched to the female cases in 5 age categories (40-49, 50-54, 55-59, 60-64, and !65 years of age) and 2 screening periods (first Table continues and second halves). Because there were fewer potential male controls than male cases, all potential male controls were included in the study. Finally, the study enrolled 782 cases and 738 controls. Cases with adenomatous polyps of !5 mm in diameter were referred to clinical hospitals, including the National Cancer Center, for definitive diagnosis and treatment.
Visceral fat and anthropometric measurements
Among the study subjects, 1,214 (640 cases, 574 controls) underwent positron emission tomography/computed tomography as an additional cancer screening. Subjects were scanned in the supine position with a 16-detector row computed tomography scanner (Toshiba Medical (22) and were uncorrelated with body mass index.
b Adjusted for cigarette smoking, alcohol drinking, physical activity, height, total energy intake, family history of colorectal cancer, and nonsteroidal antiinflammatory drug use, as well as matching variables.
c Further adjusted for sex.
Systems, Tochigi, Japan) and the following scan conditions: 120 kV, scanning time of 0.5 second/rotation, and computed tomography automatic exposure control with a standard deviation of 20. The scanner computer reconstructed the raw data to give cross-sectional images with a 5-mm slice thickness by using a function for abdominal kernel. The visceral fat area and volume were quantified by using specifically designed software (Fujifilm Medical, Tokyo, Japan), with the case and control status unknown. A function of the software enables the automatic drawing of a contour line around the abdominal cavity, which helps to separate the subcutaneous and intraabdominal regions. Details of the software have been described elsewhere (19) . To measure visceral fat volume, we first selected a series of reconstruction images from immediately below the diaphragmatic surface of the heart to the cranial edge of the pubic symphysis, minimizing the influence of pericardial and mediastinal adipose tissue. The visceral fat area was then computed in each image by electronically determining pixels with attenuation values between À190 and À30 Hounsfield units in the intraabdominal region. Finally, the visceral fat volume was calculated by integrating these visceral fat areas of respective images with a 5-mm slice thickness.
Body weight and height were measured by medical personnel at the beginning of cancer screening. Body mass index was calculated (weight (kg)/height (m)
2 ). The waist/hip ratio was not calculated because waist and hip circumferences were not measured during the study period.
Self-administered questionnaire
Prior to cancer screening, examinees completed a selfadministered questionnaire that included items on personal medical history, present medication, family history of cancer, cigarette smoking, alcohol drinking, physical activity, and other lifestyle factors. The questionnaire has been described in detail elsewhere (16, 17) .
The questionnaire also included a food frequency questionnaire of 145 food and beverage items with standard portions/units and 9 frequency categories. Total energy intake was estimated from the responses by reference to the Standard Tables of Food Composition in Japan, Fifth Revised Edition (20) . The food frequency questionnaire of the present study was essentially the same as that used in a large prospective study among a Japanese population (21) .
Statistical analysis
An unconditional logistic regression model was used to estimate odds ratios and their 95% confidence intervals of colorectal adenoma according to sex-specific quartiles of body mass index, visceral fat area, and visceral fat volume, with the lowest quartile for each measurement used as the reference. The first analysis controlled for matching variables (i.e., age categories and screening periods), while the second additionally adjusted for the following covariates: cigarette smoking (never, 20, 21-40, >40 pack-years), alcohol drinking (never, past, <150, 150-299, !300 g per week), family history of colorectal cancer (yes or no), and nonsteroidal antiinflammatory drug use (yes or no). These covariates were suggested to be potential confounders in previous reports from the Colorectal Adenoma Study in Tokyo (16, 17) . The second analysis also adjusted for components or surrogate indicators of energy balance, namely, total energy intake in kilocalories per day, physical activity in metabolic equivalent hours per day, and height in centimeters. These continuous variables were, respectively, divided into quartiles, the cutoff points of which were based on the sex-specific distribution among controls. Linear trends in the odds ratios of colorectal adenoma were also assessed by assigning ordinal values to quartiles of each measurement. Finally, we combined men and women according to sex-specific quartiles of body mass index, visceral fat area, and visceral fat volume, respectively, and examined whether the association of each measurement was modified by sex. An interaction term was created by multiplying ordinal values for quartiles of each measurement by those for dichotomous categories of sex, and its significance was statistically evaluated by the likelihood ratio test with 1 df.
In a preliminary analysis, the visceral fat area and visceral fat volume were found to be highly correlated with body mass index in both sexes, with Pearson's correlation coefficients of 0.66 and 0.74, respectively, for male controls and 0.66 and 0.72, respectively, for female controls (all P values < 0.001). These strong correlations notwithstanding, we were interested to know whether the visceral fat area and visceral fat volume were associated with colorectal adenoma independently of body mass index. To investigate this, we applied Willett's residual method for energy adjustment of food intake (22) and calculated residuals of the visceral fat area and visceral fat volume using linear regression models with body mass index as the independent variable. These residuals were uncorrelated with body mass index, which enabled us to evaluate the association of visceral fat area and visceral fat volume with colorectal adenoma after adjustment for body mass index.
Of 1,214 subjects who underwent both colonoscopy and positron emission tomography/computed tomography, 9 had missing information, namely, 3 with regard to body mass index, 2 for tobacco smoking, and 4 for physical activity. These were then excluded, and the current analysis was conducted in 805 men (432 cases, 373 controls) and 400 women (205 cases, 195 controls). Two-sided P values of less than 0.05 were regarded as statistically significant. All statistical analyses were carried out by using Statistical Analysis System (SAS), Version 9.1, software (SAS Institute, Inc., Cary, North Carolina).
RESULTS
The visceral fat volume was evaluated from immediately below the diaphragmatic surface of the heart to the cranial edge of the pubic symphysis, while the visceral fat area was examined at the level of the umbilicus. Table 1 shows that the degree of visceral adiposity differed considerably between men and women, with the median visceral fat volume approximately 74% greater in male than female controls. Table 1 also summarizes selected characteristics of cases and controls by sex. Current smokers were more prevalent among male cases than controls, whereas nonsteroidal antiinflammatory drug use was more common among male controls than cases. On the other hand, a family history of colorectal cancer was more frequent among female cases than controls. Table 2 shows the odds ratios of colorectal adenoma according to sex-specific quartiles of body mass index, visceral fat area, and visceral fat volume. We observed a statistically significant trend of increasing adjusted odds ratios for colorectal adenoma across quartiles of body mass index in both men and women (P trend ¼ 0.001 and 0.03, respectively). A statistically significant odds ratio was also seen among men in the highest quartile. Adjusted odds ratios of colorectal adenoma for the highest compared with the lowest quartile of body mass index were 1.99 (95% confidence interval (CI): 1.31, 3.03) for men and 1.79 (95% CI: 0.97, 3.31) for women. Of the 2 measurements of visceral adiposity, an increase in visceral fat volume was related to a higher prevalence of colorectal adenoma, with a significant trend in both sexes (P trend ¼ 0.001 and 0.01 for men and women, respectively), whereas the visceral fat area was not associated with colorectal adenoma in either sex (P trend ¼ 0.05 and 0.42 for men and women, respectively). Adjusted odds ratios of colorectal adenoma for the highest compared with the lowest quartile of visceral fat area and visceral fat volume were 1.61 (95% CI: 1.06, 2.46) and 2.02 (95% CI: 1.33, 3.05), respectively, for men and 1.36 (95% CI: 0.72, 2.58) and 2.55 (95% CI: 1.31, 4.95), respectively, for women. When men and women were combined according to sex-specific quartiles of each measurement, a significant trend of increasing adjusted odds ratios across quartiles became more pronounced for body mass index and visceral fat volume (P trend < 0.001 for both), while the nonsignificant trend for visceral fat area remained (P trend ¼ 0.06). Despite the sex differences in body mass and visceral adiposity, significant effect modification by sex was not observed for any of 3 measurements (P interaction ¼ 0.75, 0.30, and 0.87 for body mass index, visceral fat area, and visceral fat volume, respectively; data not shown).
To investigate the influence of visceral fat area and visceral fat volume after adjustment for body mass index, we calculated residuals of visceral fat area and visceral fat volume against body mass index, which were uncorrelated with body mass index. As shown in Table 3 , no material association was seen between visceral fat area and colorectal adenoma after adjustment for body mass index. In contrast, visceral fat volume was related to a higher prevalence of colorectal adenoma even after adjustment for body mass index. Adjusted odds ratios of colorectal adenoma for the highest compared with the lowest quartile of residuals of visceral fat area and visceral fat volume were 0.99 (95% CI: 0.71, 1.40) and 1.58 (95% CI: 1.11, 2.24), respectively, for men and women combined. Further, a positive trend across quartiles was statistically significant (P trend ¼ 0.01) for visceral fat volume. Again, significant effect modification by sex was not observed for either measurement of visceral adiposity (P interaction ¼ 0.53 and 0.83 for visceral fat area and visceral fat volume, respectively; data not shown). These residual analyses revealed that visceral fat volume Table continues was associated with the prevalence of colorectal adenoma independently of body mass index. Further adjustment for body mass index on a continuous scale did not essentially change these results (data not shown). We then examined whether body mass index modified the association of visceral fat area and visceral fat volume with colorectal adenoma (Table 4) . In this analysis, men and women were combined according to sex-specific quartiles of each measurement of visceral adiposity and stratified by body mass index based on sex-specific median values for controls. Compared with men and women with a lower body mass index as well as in the lowest quartile of visceral adiposity, those with a higher body mass index as well as in the highest quartile had a significantly higher prevalence of colorectal adenoma, with adjusted odds ratios of 1.53 (95% CI: 1.06, 2.20) and 1.95 (95% CI: 1.36, 2.79) for the visceral fat area and visceral fat volume, respectively. In addition, the adjusted odds ratio was also statistically significant among those with a lower body mass index but in the highest quartile of visceral fat volume (odds ratio ¼ 2.05, 95% CI: 1.01, 4.17). On the other hand, when comparison was made among those with a higher body mass index, adjusted odds ratios of colorectal adenoma for the highest compared with the lowest quartile of visceral fat area and visceral fat volume were 1.33 (95% CI: 0.60, 2.92) and 2.69 (95% CI: 1.11, 6.55), respectively (data not shown). Importantly, statistical evaluation of interaction between visceral adiposity and body mass index revealed that body mass index was unlikely to modify the association of visceral fat area or visceral fat volume with colorectal adenoma, either (P interaction ¼ 0.71 and 0.39 for visceral fat area and visceral fat volume, respectively). When the above analysis was conducted for men and women separately, results were essentially the same.
DISCUSSION
In this study, we directly quantified the degree of visceral adiposity among middle-aged and elderly Japanese men and women and observed that, although visceral fat volume was highly correlated with body mass index, an increase in the visceral fat volume was associated with a higher prevalence of colorectal adenoma independently of body mass index in both sexes. Conversely, body mass index was unlikely to modify the association between visceral fat volume and colorectal adenoma.
To our knowledge, this is the first study to examine the association of visceral fat volume with any type of colorectal neoplasm. In contrast, 3 epidemiologic studies have investigated the association between visceral fat area and colorectal adenoma (12) (13) (14) ; of these, 2 demonstrated a statistically significant positive association, albeit with relatively small study sizes (n 200) (12, 14) , whereas the third found no association in a larger, but still small, population (n ¼ 458) (13) . Although this apparent inconsistency may simply reflect sparse data from a limited number of studies or chance due to the small number of subjects, another likely contributor is that all 3 studies combined men and women, with different male/female ratios. As shown in the present study, however, the degree of visceral adiposity differs considerably between men and women. Moreover, the influence of visceral adiposity on risk may differ by sex. Further studies with a sufficient number of men and women to enable sex-specific analyses are needed.
Several mechanisms that implicate visceral adiposity in colorectal carcinogenesis have been hypothesized. One well-known hypothesis is that visceral adiposity may be associated with factors that promote the growth of colorectal adenomas, thereby increasing the risk of colorectal cancer. Visceral adiposity is, in fact, a strong determinant of insulin resistance and subsequent hyperinsulinemia (2), while insulin is an important growth factor for colonic mucosal cells and colonic carcinoma cells in vitro (23) and may have the potential to mediate the association between visceral adiposity and colorectal neoplasms.
Computed tomography allows the accurate quantification of visceral fat and is presently the optimum technique in this regard (11) . However, there are several disadvantages associated with the use of this technique as an assessment tool of visceral adiposity in practical settings, including health hazards of exposure to ionizing radiation. On the other hand, although the waist/hip ratio and waist circumference provide inexact measurements of visceral adiposity, they are not only safe but also cheap and relatively easy to perform (11) . These anthropometric measurements therefore remain useful for the general classification of large numbers of people by visceral adiposity.
Among the strengths of the present study, the provision of total colonoscopy to all study subjects would have decreased the likelihood of misclassification between cases and controls. Moreover, the number of subjects was by far larger than in previous colorectal neoplasm studies that evaluated visceral adiposity by using computed tomography (12) (13) (14) . Finally, case-control studies of colorectal adenoma have a methodological advantage over those of colorectal cancer, in that bias related to changes in body composition caused by the cancer itself is avoided.
A major limitation of this study is that colorectal adenomas were identified by magnifying colonoscopy with indigo carmine dye spraying, which may have resulted in some misclassification among adenoma cases. Given that pit-pattern classification based on magnifying chromoendoscopy differentiates colorectal lesions with approximately 90% accuracy (24) , however, and that our institution has reported accuracy in differential diagnosis of !95% (25) , the influence of this misclassification on the present results is likely to have been minimal. A second limitation is the relatively small body size of the study population. For male and female controls, the median body mass index was 23.5 and 21.8 kg/m 2 , respectively, and the prevalence of overweight and obesity was 28% and 13%, respectively. Our findings may not therefore be directly applicable to severely obese populations, often found in North American and European countries, where more than half of adults are overweight or obese (1) . Further studies in populations with larger body sizes are thus required. Third, because of their lower prevalence of colorectal adenoma, sample sizes for women were relatively small, and in some cases significant results could not be obtained because of limited statistical power. Nonetheless, statistical evaluation of interaction between visceral adiposity and sex revealed that, despite an obvious sex difference in the degree of visceral adiposity, its positive association with colorectal adenoma was likely to be similar between sexes. Finally, the present study was based on not incident but prevalent cases, meaning that the odds ratios of colorectal adenoma presented in this study did not necessarily indicate the risk of ''developing'' colorectal adenoma. Rather, they represent the risk of ''having'' colorectal adenoma at a point in time, and they should therefore be interpreted with caution.
In summary, with an optimal technique for the direct quantification of visceral fat, our present study corroborates previous findings obtained by using inexact surrogate markers of visceral adiposity, namely, waist/hip ratio and waist circumference. Our findings add to accumulating evidence that visceral adiposity exerts an important influence on the pathogenesis of colorectal neoplasms. The mechanisms of this potential association between visceral adiposity and colorectal carcinogenesis warrant further investigation.
